A free graft of vein was placed between the aorta and coronary sinus. Three weeks later the sinus was partially occluded at its ostium in the right auricle. Blood from the aorta was made available to the myocardium by way of the venous system. After these procedures were done a histologic study of the venous and arterial channels was carried out. The coronary sinus and its tributaries showed hyperplasia of the intima. The anterior cardiac veins showed dilatation with little or no hyperplasia of intima. None of the veins became occluded. Complete occlusion of major coronary arteries was done. These arteries distal to the occlusion showed medial sclerosis and atrophy. They did not show thrombosis. The myocardium distal to an occluded artery showed many vascular channels.
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A N OPERATION was developed in this laboratory which made an additional source of aortic blood available to the myocardium.1 This operation is described on page 801, in this issue.
It was shown by experiment that this operation protected the heart against occlusion of a major coronary artery. In view of the fact that this operation appeared to have therapeutic possibilities for patients with coronary artery disease, this study on the anatomy of the vascular system was carried out. The specimens used in this study were those upon which Hahn and Beck carried out multiple ligation of major coronary arteries.3
METHOD OF STUDY
This report was based upon a study of 37 specimens. A variety of procedures was carried out on the dogs from which these specimens were obtained. The two stage operation was done with an interval of three weeks between the placing of the graft and the partial occlusion of the sinus at its ostium in the right auricle. One or more major coronary arteries were ligated subsequently. Figure 1 quence of events in producing one of the specimens for study.
(1) A free vein graft was introduced between aorta and coronary sinus; (2) three weeks later the coronary sinus was occluded at its ostium to a diameter of 3 mm.; (3) coronary arteries were ligated at intervals of three weeks to include (a) complete ligation of descending ramus and septal artery, (b) complete ligation of right coronary artery and (c) partial occlusion of circumflex ramus to a lumen of 1 mm. In this experiment the graft was patent for eight months; the coronary sinus was partially occluded for seven months, the descending ramus and septal arteries were completely occluded for six months, the right coronary artery was completely occluded for five and one-half months and the circumflex ramus was partially occluded for five months. Extensive occlusion of coronary arteries similar to that accomplished in this experiment were obtained in other experiments.
RESULTS

The Graft
The appearance of the graft was similar in each specimen. The original vein had undergone marked alterations so that it was difficult to identify intima, media and adventitia ( fig. 2,  A fig. 3 ). The adventitia consisted of collagenous tissue and coarse elastic fibers. The elastica externa was usually present but was always broken up by penetrating collagenous fibers. The muscle and elastic fibers of the media were infiltrated by fibrous connective tissue. The internal elastic membrane was well developed. The intima was reduced to a thin endothelial layer of cells. The lumen of these arteries remained patent even though the main artery was totally occluded for a period of six months. Patency was observed throughout the arterial system down to the smallest arterioles. The degree of medial sclerosis of arteries was greatest in the larger arteries and least in the smaller arteries.
Veins. The coronary sinus was dilated in almost all specimens. The sinus is shown in figure 4 . The intima was thin and consisted of a layer of endothelium and some connective tissue. The media and adventitia consisted of sclerotic collagenous material and coarse elastic fibers. Muscle fibers could not be recognized in the media. This appearance of the sinus was similar to the appearance of the graft.
The veins draining into the coronary sinus presented a different appearance. \Marked hyperplasia of the intima was present ill these tributaries ( fig. 2C ). This appeared to be a hyperplasia of connective and elastic tissue elements. In the larger veins a definite medial layer was present and the muscle fibers were dissociated by infiltrating bands of collagetious fibers which appeared to penetrate into the intima. The adventitia contained an abnormal amount of collagenous tissue with elastic fibers.
An artery and vein of approximately equal size are shown in figure 2D . In this illustration it was readily possible to recognize the intimal hyperplasia of the vein. 
Myocardium
The specimens showed that it was possible to ligate one or more major coronary arteries with the production of little or no gross evidence of infarction. Under the microscope, however, areas of fibrosis were always found in the myocardium that had been supplied by the artery which was occluded even though the specimen did not show an infarct or areas of fibrosis to the naked eye. In some specimens there was no noticeable atrophy of the ventricular wall and grossly the muscle appeared to be normal.
In those specimens in which a definite infarct was present the infarcted area appeared to show an unusual degree of vascularity ( fig.  2F ). Many vessels were interposed in a mesh of fibrous scar and in such scars there were no muscle fibers regardless of the degree of vascularity. In these scars it was almost impossible to distinguish between arterioles and hyperplastic venules. In our opinion most of these vessels were venules with a marked degree of intimal hyperplasia. In the periphery of an infarct dilated venules engorged with red blood cells were consistently observed.
The arterioles of the myocardium were normal in all sections ( fig. 5) In this type of experiment blood flowed from aorta, through graft, into sinus and into right auricle. In these specimens in which the coronary arteries were normal there probably was no retrograde flow into myocardium. The meali pressure in that portion of the sinus between the graft and sinus ostium measured 18 to 22 mm. Hg The venous channels from these specimens showed some slight dilatation but none of them showed intimal hyperplasia.
Specimens Showing Thrombosis of Graft atul Sinus. In these experiments there was no flow through the graft and into the sinus. These specimens were similar to normal hearts inl which the sinus was completely occluded by a ligature. In those specimens with thrombus RICHARD S. IIAHN AND MAURICE KIM8 formation the veins proximal to the thrombus were dilated without showing intimal thickening. In some of these specimens the tributaries to the coroniary sinus showe(l thrombus foima1-tion. After ligation of the coronary sinus the pressure in the sinus system rose to aortic levels and the pressure remained elevated after the ligation was done.2 DIs(cut.ssio.N I)efinite alterations in structure were observed in the coronary sinus and its tributaries after arterial blood was delivered into the sinus and the site of exit of the blood into the auricle wvas partially occluded. The principal structural alteration was intimal hyperplasia, occurring as early as six weeks after the graft was placed and the sinus was partially occluded. In these experiments the intimal hyperplasia did not produce occlusion of the veins of the coronary sinus system. The anterior cardiac veins were almost always dilated or normal. Rarely was any thickening of intima found in the vessels of this system. In those areas where the two systems came together, veins with intimal hyperplasia and normal veins were obser-edl in the same section. This was found in sections taken from the region of the anterior interventricular sulcus, the interventricular septum and the posterior aspect of the left ventricle.
Definite alterations in structure were also observed in arteries distal to the point of arterial occlusion. This structural alteration (onsistecl primarily of atrophy of the media. The artery distal to the ligature remained patent and patency of a vessel suggested function. The patent artery with proximal occlusion no doubt carried blood. If the artery were severed blood emerged from the cut end.
Comment might be made concerning the (cause of the intimal hyperplasia in vteins as (lescribe(l in this paper. If the hyperplasia were due to pressure alone, one would expect that hyperplasia wdould have been found in those specimens in which the sinus had been occluded by a ligature or by thrombosis. Hyperplasia of intima was not found in those specimens. A possible factor in the production of hyperplasia was pulsatile pressure. Could pulsatile pressure as contrasted to a more or less constant static pressure produce these changes? Could alterations in oxygen and carboti dioxide content of the blood in the venous system produce such alterations? An answer to these questions cannot be given.
It was interesting that the vasa vasoruim of the vein graft showed intimal hyperplasia whereas the graft itself did not show this altera,-tion in structure.
Several comments can be made concerning the changes in the myocardium supplied by a major coronary artery that had been previously occluded. In the area supplied by the occluded artery there appeared to be an increased number of veins filled with blood. Betveeni these veins were areas of scar which suggested that oxygen exchange requiring the thin walls of capillaries was not adequate to preserve the viability of muscle fibers. CONCLUSIONS 1. Arterialization, of the coronary sinus system, with partial ligation of the sinus at its ostium, produced marked alterations in stimtcture of the sinus and its tributaries. This alteration was primarily fibroelastic proliferation of the intima. This alteration in structure was observed after six weeks and it did not proceed to complete occlusion of veins.
2. Major coronary arteries underwent structural alterations after they were occluded 1w ligature at the origin of the artery. l)istally the arterial wall showed atrophy with sclerosis of the media.
3. The anterior cardiac veins showed little or no structural change.
